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Tables and Equations for
Estimating Volumes of Trees in
the Susitna River Basin, Alaska

Frederic R. Larson and Kenneth C. Winterberger

Scribner board-foot, merchantable cubic-foot, and total cubic-foot volume equations
were derived from fall, buck, and scale data for 441 trees at 78 locations in the
Susitna River basin, Alaska. Tree species included white and black spruce, paper
birch, black cottonwood, and quaking aspen.

Keywords: Volume tables, volume equations, white spruce, black spruce, paper birch,
black cottonwood, quaking aspen, Susitna River basin, Alaska.

Scribner board-foot, merchantable cubic-foot, and total cubic-foot volume equations
were derived from an analysis of fall, buck, and scale data obtained during a multi-
resource inventory of the Susitna River basin, Alaska (USDA, Soil Conservation Serv-
ice 1986). Board-foot volumes are presented for combinations of diameter at breast
height (dbh) and total tree height and for dbh and height to a 6-inch top. Merchant-
able cubic-foot volumes are presented for combinations of dbh and total tree height,
and for dbh and height to a 4-inch top. Total cubic-foot volumes are given for dbh
and total tree height only.

A total of 441 trees were used in the analysis: 244 white spruce (Picea glauca
(Moench) Voss), 43 black spruce (P. mariana (Mill.) B.S.P.), 97 paper birch (Betula
papyifera Marsh.), 14 quaking aspen (Populus tremuloides Michx.), and 43 black cot-
tonwood (P. trichocarpa Torr. & Gray). Data were collected from 78 locations in the
Susitna River basin, which is roughly bounded by the Alaska Range to the north and
west, the Talkeetna Mountains to the east, and Cook Inlet and Knik Arm to the south

(fig-1).
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Figure 1—Part of the Susitna River basin, Alaska, where fall, buck,
and scale data were collected.

Fall, buck, and scale sample trees were selected by using a 40-basal-area factor

prism rotated about points located 200 feet north of point 3; east of points 4, 5,

and 6; south of point 7; and west of points 8, 9, and 10 of the forest survey 10-point in-
ventory plots. Al! tally trees greater than 5 inches dbh were destructively sampled.
Each sample tree was measured and marked at a 1-foot stump and at dbh. After fell-
ing and limbing, total height and height to a 6-inph and a 4-inch top were recorded.
The tree was bucked into 16.3-fo6t logs and at 6-inch and 4-inch tops. All cross-
sectional diameters inside bark were measured twice at right angles and averaged.




Data from trees suitable for volume-table construction were used to build a data file
consisting of dbh, total height, height to 4-inch and 6-inch tops, total and merchant-
able cubic-foot volume, and Scribner board-foot volume. Trees with missing data, or
data obviously in error, were eliminated from the data base as were obviously
deformed and cull trees. All merchantable portions of forked trees were included.
Tree data were then examined to assure that the bucking was consistent with USDA,
Forest Service log scaling rules.'1f a log was too short or too long, a portion of the
next log was "added" or the log was "cut" to a standard length and a new diameter
was calculated; it was assumed that logs were circular in cross section with linear
taper between the existing end measurements. Board-foot volumes were not com-
puted for pieces shorter than 8 feet or if diameter inside bark at the small end was
less than 6 inches. Cubic-foot volumes were computed using Smalian's formula.
Board-foot volumes, Scribner rule, were computed by using the Girard and Bruce
rule of thumb (Dilworth 1968):

volume = (0.79 x diameter? - 2.0 x diameter - 4.0) x (length/16.0) .

Plottings of volume over dbh? x height indicated that cubic-foot volume was linearly
related to dbh” x height and board-foot volume was curvilinearly related to dbh? x
height. The independent variables tested therefore included dbh, dbh?, height (ht),
dbh?x.ht, 1/dbh, 1/dbh?, and (dbh?ht)°.

Regression portions of the SPSS* statistical program package (SPSS 1983)? were
used to run forward-stepwise analysis for linear expressions of the data. The term
(dbhzht)C was fitted after transformation with logarithms; for example, In(BFV) = b, +
1 X In(dbh®ht). Both weighted and unweighted linear regressions were tested as
described by Furnival (1961) with various results. The logarithm transformation to
obtain an equation with (dbh®ht)° avoids the need of weights because it assumes
that the residuals are distributed normally about a log normal distribution function.

Analysis of covariance was used to test for significant differences in the data be-
tween white and black spruce and between paper birch and quaking aspen. In both
cases, the data were not significantly different and therefore were pooled.

. . The regression equation for each table is presented at the bottom of the table; it is
Discussion followed by the increased efficiency of the equation used over the unweighted linear
model, where volume = a + b(dbh ht). The standard error of the estimate is also
presented. The shading in the tables indicates the limits of the data. The number of
trees in each diameter class by species is also presented.

! Unpublished manual, 1981, "Forest Service Manual, title 2400, Timber
Management, Alaska Region Supplement 228," by U.S. Department of
Agriculture, Forest Service, Alaska Region, Juneau, Alaska 99802.

% The use of trade, firm, or corporation names in this publication is for
the information and convenience of the reader. Such use does not
constitute an official endorsement or approval by the U.S. Department of
Agriculture of any product or service to the exclusion of others that may
be suitable.



Board-foot volumes for most species were lower than shown in all published tables
(Dippold and Farr 1971, Farr 1967, Gregory and Haack 1964, Haack 1963, Kerr and
Eleazer 1980) and unpublished tables® for small-diameter classes. Greater board-foot
volumes are reported for spruce trees larger than 24 inches dbh in all published
tables except the Tyonek tables (Kerr and Eleazer 1980). The Tyonek tables show
that spruce volume is less than the volumes published in this report after the spruce
reach 10 inches dbh. Board-foot volumes for birch and aspen exceed published
values when trees exceed 16-18 inches dbh except in the Tyonek tables where, like
the spruce, more volume is reported at 10 inches dbh and above. Volumes for black
cottonwood were higher in lower classes, below 17 inches dbh, than are reported for
balsam poplar (Haack 1963) but slightly higher than Ryan's data for very large
classes (see footnote 3).

In our tables, board-foot volumes for trees whose height was measured to a mer-
chantable 6-inch top diameter were lower than Ryan's (see footnote 3) for white and
black spruce, lower than Ryan's for paper birch and quaking aspen less than 12
inches dbh, and lower than Ryan's for black cottonwood less than 19 inches dbh.

Our spruce merchantable cubic-foot volumes (that is, volumes to a 4-inch top
diameter inside bark [dib]) were nearly identical to those reported by Gregory and
Haack (1964) and Ryan (see footnote 3), and only slightly lower in large-diameter
classes than those reported by Haack (1963) and Dippold and Farr (1971). Merchant-
able cubic-foot volumes were greater than those reported by Kerr and Eleazer (1980)
for white and black spruce, birch, and aspen greater than 11 inches dbh. Birch and
aspen merchantable cubic-foot volumes were greater than those reported for Tyonek
(Kerr and Eleazer 1980) but, otherwise, not much different than those reported by
others cited. Black cottonwood merchantable cubic-foot volumes were nearly identical
to other reported data for this species except as reported by Gregory and Haack
(1964) for black cottonwood and balsam poplar {Populus balsamifera L.) where
reported volumes are greater in diameter classes above 16-17 inches dbh. Poplar
and cottonwood were combined by Gregory and Haack.

Merchantable cubic-foot volumes in tables for tree heights measured to a merchant-
able 4-inch top diameter inside bark were nearly identical to Ryan's (see footnote 3)
for spruce, birch, and aspen and only slightly lower than those for black cottonwood
in large-diameter classes.

Total cubic-foot volumes of the entire stem for spruce, paper birch and quaking
aspen were nearly equal to those reported by Gregory and Haack (1964) for small-
size classes but were slightly lower for larger classes. The total cubic-foot volume of
black cottonwood was slightly higher in our tables than in those of Gregory and
Haack (1964).

% Unpublished office report, 1984, "Volume tables for the Susitna River
valley, Alaska," by Phyllis Ryan, State of Alaska, Department of Natural
Resources, 3601 C. Street, Anchorage, Alaska 99503.
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